We evaluated the recently developed dipsticks for the rapid detection of Vibrio cholerae serotypes O1 and O139 from rectal swabs of hospitalized diarrheal patients after enrichment for 4 h in alkaline peptone water. The sensitivity and specificity of the dipsticks were above 92 and 91%, respectively. The dipsticks represent the first rapid test which has been successfully used to diagnose cholera from rectal swabs, and this would immensely improve surveillance for cholera, especially in remote settings.
In recent years, cholera has been becoming endemic in an increasing number of geographical areas, reflecting a failure of socioeconomic infrastructure and difficulties in implementation of control measures. Nearly 120 countries have reported indigenous cases of cholera since 1991; almost half of them have reported cases for at least 5 of the past 8 years (12) . The current and ongoing seventh pandemic of cholera is caused by the El Tor biotype of Vibrio cholerae serogroup O1, which started in Indonesia in 1961 and reached Africa in the 1970s and South America in 1991 (7) . Since 1992, V. cholerae O139, a variant of the El Tor biotype, has also spread to many parts of Asia, and, like the O1 strains, it has pandemic potential (4). The emergence of the O139 epidemic strain of V. cholerae is believed to have resulted from horizontal transfer of a fragment of DNA from an unknown donor into the region responsible for O-antigen biosynthesis of the seventh-pandemic V. cholerae O1 El Tor strain (3, 11) . A conspicuous increase in the association of V. cholerae O139 with cholera outbreaks in India was recently reported (10) . Likewise, a large outbreak of cholera caused predominantly by V. cholerae O139 occurred in Dhaka and adjoining areas of Bangladesh during March and April 2002, with an estimated 30,000 cases (5). Therefore, cholera continues to be a major problem in many developing countries, and both the O1 and the O139 serogroups are prevalent.
Cholera surveillance remains an important instrument for determining cholera trends in different regions of the world as well as within individual countries. The official annual World Health Organization figures on global incidence of cholera (13) underestimate the actual figures severalfold, since cholera is underreported and cholera surveillance figures represent only a small fraction of the actual number of people infected (9) . Among the enteric pathogens, V. cholerae is perhaps the easiest to identify, but identification requires a laboratory infrastructure. Cholera is a disease of the poor, and outbreaks and epidemics of cholera usually occur in peripheral or warravaged areas where laboratory facilities are unavailable or are grossly inadequate. Consequently, efforts have been made to develop simple diagnostic tests which would allow the diagnosis of toxigenic strains of V. cholerae in the field itself. These rapid tests have had various degrees of success, but to date none have become widely available or are widely marketed. All the rapid tests for cholera developed so far require cholera stool samples, and none of the rapid tests have addressed the issue of rapid diagnosis of cholera from rectal swabs, which is usually how the specimen is received from the field or from remote settings.
Investigators at the Institute Pasteur, Paris, France, recently developed a one-step immunochromatographic dipstick test for rapid detection of V. cholerae O1 and O139 from stool samples. As reported previously, the detection thresholds with purified lipopolysaccharide (LPS) were 10 ng/ml for V. cholerae O1 and 50 ng/ml for V. cholerae O139 (8) . In an evaluation of the dipstick assays in Madagascar and Bangladesh, two areas where cholera is endemic, the specificity of the O1 and O139 dipsticks ranged between 84 and 100% and the sensitivity ranged from 94.2 to 100% (8) . The dipstick method requires minimal technical skill, and the test can be read in about 10 min. Additionally, the dipsticks can be stored at room temperature in a humidity-proof plastic bag, making them easily transportable (8) . This prompted us to evaluate the efficacy of the dipsticks for the rapid detection of cholera from rectal swabs after a short enrichment.
Stool specimens were collected from patients enrolled in the 2% systematic routine surveillance system at the Clinical Research and Service Centre of the International Centre for Diarrheal Disease Research, Bangladesh (ICDDR,B). In this surveillance system, every 50th patient attending the hospital is screened for major enteric pathogens. The Dhaka hospital of the ICDDR,B identifies cases of cholera throughout the year and treats patients during large outbreaks of the disease. For this study, single rectal swabs were obtained from 134 patients with severe watery diarrhea who were seen at the ICDDR,B hospital in Dhaka between August and October 2002. Rectal swabs were immediately placed into Cary Blair medium (in grams per liter: sodium thioglycolate, 1.5 g; disodium phos-phate, 1.1.g; calcium chloride, 0.1 g; sodium chloride, 5 g; agar, 5 g; pH 8.4) and transported to the laboratory within 30 min. In the laboratory, the rectal swabs were placed in alkaline peptone water (APW; in grams per liter: Bacto Peptone, 10 g; sodium chloride, 10 g; pH 8.8) and incubated at 37°C for 4 h. The dipstick test was performed by simultaneously introducing both the O1 and O139 dipsticks into 200 l of the 4-h-enriched broth contained in a fresh tube such that the end containing the absorbent pad was partially in the enriched broth sample. A positive result appeared as two pink lines (upper control line and lower LPS-positive line), and a negative result was a single upper pink control line; the results became discernible within 10 min (Fig. 1) . Dipsticks that did not give a positive test result in 10 min were kept in the enriched stool sample for an additional 30 min to see if they would yield delayed positive results. The dipsticks were made available from the Institute Pasteur and were sent to the ICDDR,B laboratory at an ambient temperature in grip seal bags by Federal Express. The rectal swabs as well as the 4-h-enriched broth were cultured by inoculation onto taurocholate tellurite gelatin agar (in grams per liter: Trypticase, 10 g; sodium chloride, 10 g; sodium taurocholate, 5 g; sodium carbonate, 1 g; gelatin, 30 g; agar, 15 g; pH 8.5; after autoclaving, the agar is cooled to 50°C, 5 ml of 0.1% potassium tellurite solution is added and mixed well, and the agar is poured into plates). Suspected colonies resembling V. cholerae were tested by slide agglutination with polyvalent anti-O1 and anti-O139 sera. Samples that were positive by either the O1 or O139 dipstick but negative by culture were stored at Ϫ20°C and later examined by a multiplex PCR for concurrent detection of wbe and wbf sequences specific for O1 and the O139 serogroups of V. cholerae, respectively, and for ctxAspecific sequences (6). Toxigenic V. cholerae O1 (strain MAK 757 El Tor) and O139 (strain AI1852) were used as positive controls for the multiplex PCR.
The clinical characteristics of all 134 patients from whom the rectal swabs were taken for this evaluation study are shown in Table 1 . For the O1 dipstick evaluation, 65 of the 134 rectal swabs after enrichment were both dipstick and culture positive, 5 were dipstick positive culture negative, 3 were dipstick negative and culture positive, and 61 were negative by both tests ( Table 2) . We further analyzed the five samples that were O1 dipstick positive but culture negative by the multiplex PCR and found that all five were negative by PCR for the O1-specific 192-bp amplicon and for the 308-bp ctxA amplicon, indicating that the five dipstick-positive results were false-positives. The sensitivity of the O1 dipstick on enriched rectal swabs compared to culture was 96%, with a specificity of 92% and positive predictive value of 93%.
For the O139 dipstick evaluation, of the 134 stool samples, 25 were both dipstick and culture positive, 2 were dipstick positive but culture negative, 2 were dipstick negative but culture positive, and 105 were negative by both dipstick and culture (Table 3) . In one case, the dipstick was positive for both O1 and O139, which was subsequently confirmed by culture. The two samples which were positive by the O139 dipstick but negative by culture were examined by the multiplex PCR. Both samples were negative for the 449-bp O139-specific band and for the 308-bp ctxA-specific band, indicating that in these samples the dipstick gave a false-positive result. The sensitivity of the O139 dipstick on enriched rectal swabs compared to culture was 93%, with a specificity of 98% and a positive predictive value of 93%.
Overall, the sensitivity and specificity of the dipstick tests for detection of V. cholerae O1 or O139 from rectal swabs were excellent. All samples which were negative for test results after 10 min remained negative after the dipsticks were kept for an additional 30 min in the stool sample. Compared to our previous evaluation of the dipsticks directly on stool samples (8) , the dipsticks were more efficient for detection of cholera from enriched rectal swabs than directly from stool samples. Although we did encounter false positives and false negatives with both the O1 and O139 dipsticks, such results were few. At this point, we do not have an explanation for the false positives. In the case of V. cholerae O139, at least, previous studies have shown that other bacteria within the family Vibrionaceae and also strains of Aeromonas trota share somatic antigens with O139 (1, 2). The false negatives may relate to the fact that the numbers of V. cholerae present in the broth after 4 h of enrichment were below the detection thresholds of the O1 and O139 dipsticks. The detection thresholds with purified LPS are 10 ng/ml for V. cholerae O1 and 50 ng/ml for V. cholerae O139 (8) . However, this clearly was the exception rather than the rule. The prior use of antibiotics by some patients may have lessened the excretion of viable V. cholerae in the rectal swabs.
In real-life situations, most specimens for diagnosis of cholera from the field or from remote areas come as rectal swabs. Both the O1 and O139 dipsticks performed well with rectal swabs enriched for 4 h in APW. The dipsticks was also useful in identifying a case of mixed infection caused by both O1 and O139, which would not have been recognized in bacteriological culture, because usually only one or two colonies are picked for serotyping. The introduction of dipsticks will help identify cholera cases in the most remotely affected regions because the test is so simple and does not require any special infrastructure. The dipstick method in its current format cannot specifically detect toxigenic V. cholerae O1 or O139 strains, and therefore an additional step would be required to detect cholera toxin production. However, more than 95% of O1 and O139 strains are toxigenic (4). Efforts to integrate both O1 and O139 and the ability to detect cholera toxin production into one dipstick as opposed to two or more dipsticks are ongoing. This would simplify the test further and make it more informative. 
